ABSTRACT: This study compares the likelihood of admission to high-mortality hospitals for black and white Medicare patients in 118 health care markets, and whether admission patterns vary if residential racial segregation is greater in the area. Risk of admission to highmortality hospitals was 35 percent higher for blacks than for whites in markets with high residential segregation. Moreover, blacks were more likely than whites to be admitted to hospitals with high mortality, even in analyses limited to patients who lived closest to lowermortality hospitals. Eliminating health care disparities may require policies that address social factors leading to segregation. [Health Affairs 28, no. 2 (2009): w368-w378 (published online
D
i f f e r e n c e s i n ac c e s s to h i g h -q ua l i t y p r ov i d e r s have been documented among racial and ethnic groups. 1 Such differences may be a symptom of racial segregation in the health care delivery system. Segregation has been widely studied as a cause of educational and socioeconomic inequities; however, few studies have examined segregation of health services or how segregation contributes to racial disparities. Nevertheless, the rationale for investigating the segregation of health services is compelling, given the history of segregated health care delivery in the United States and the evidence of differential access to highquality providers.
This study investigates the relationship between racial segregation and admission to high-mortality hospitals for acute myocardial infarction (AMI)-a condition for which there is much evidence of disparities in processes of care and out-derlying characteristics of hospitals treating large proportions of black or lowincome patients. This approach minimizes the likelihood that resulting coefficients for patient risk factors are confounded by unobserved characteristics of the admitting hospital. 6 The coefficients associated with the patient risk factors were used to calculate the expected mortality for each patient at an "average" hospital (that is, a hospital with average median income and average percentage of black patients). Expected mortalities were then averaged to obtain a mean expected mortality rate for each hospital. O/E ratios were determined by dividing the observed (actual) mortality rate by the expected mortality rate for each hospital. O/E ratios were then used to identify "high-mortality" hospitals. First, patients were ranked by the O/E ratio of the admitting hospital, and one-third of patients (n = 221,728) were categorized as being admitted to high-mortality hospitals-998 of the total 2,414 hospitals. The median O/E for the 998 hospitals was significantly higher than for the remaining hospitals (1.19 versus 0.88; p < 0.001).
Segregation was measured using the Dissimilarity Index, which reflects the evenness with which two population groups are distributed across units (such as hospitals or neighborhoods) within HRRs. 7 The index varies between 0 (no segregation) and 1 (complete segregation) and represents the proportion of blacks who would have to relocate to a different unit (that is, be admitted to a different hospital or reside in a different neighborhood) to achieve an even distribution. An example of an HRR with high dissimilarity for hospital admissions is Detroit, Michigan, with a Dissimilarity Index of 0.79. In this market, two of its fifteen hospitals accounted for 62 percent of all black AMI admissions but only 4 percent of all white admissions. The hospital accounting for the largest proportion of white AMI admissions (17 percent) had less than 1 percent of the market's black admissions.
Hospital segregation within the 118 HRRs was calculated using MedPAR data for AMI admissions. HRRs were categorized as having low, medium, or high segregation by ranking them by their Dissimilarity Indices and assigning segregation categories so that one-third of patients were in each category. A second Dissimilarity Index for residential segregation was calculated using 2000 U.S. censustract population data, after matching census tracts to HRRs using U.S. census ZIP Code Tabulation Areas (ZCTAs). 8 Other characteristics of HRRs were calculated using patient-level MedPAR data, American Hospital Association (AHA) surveys, and 2000 census data.
n Analysis. The proportions of black and white patients admitted to highmortality hospitals were compared for black and white patients overall and within segregation categories. Logistic regression models were used to determine the relative risk of admission to a high-mortality hospital after adjusting for potential confounders. Predictor variables in the logistic regression models included an indicator variable for black race, year of discharge, median income for the patient's ZIP code, w 3 7 0 3 M a r c h 2 0 0 9 distance from the patient's residence to the nearest high-mortality hospital (based on straight-line distance between hospital and residence ZIP codes), incremental distance to the nearest hospital that was not high mortality, indicators for segregation category (low, medium, high), and the interaction between race and segregation categories. The resulting model provided the estimated odds of admission to a highmortality hospital for blacks relative to whites within each of the three segregation categories; odds ratios were then converted to relative risk ratios. 9 Separate models were developed for the Dissimilarity Index based on hospital and residential segregation. To account for the nesting of patients within HRRs, models included random intercepts and random coefficients for black race, which were assumed to be normally distributed across HRRs. 10 Additional analyses further investigated the effect of geographic proximity to lower-mortality hospitals by repeating these analyses in the subset of patients whose closest hospital was not categorized as high mortality, and in the subset of patients living within two miles of a hospital not categorized as high mortality (based on straight-line distance between patient and hospital ZIP codes).
Study Results
Mean Dissimilarity Index values for the 118 HRRs, based on hospital and residential segregation, were 0.39 (standard deviation: 0.15) and 0.59 (SD: 0.13), respectively. Index values based on hospital and residential segregation were highly correlated (r = 0.72; p < 0.001), although agreement was only moderate (kappa = 0.50); 82 percent of HRR markets ranked as having high hospital segregation also had high residential segregation, and 67 percent of HRRs with low hospital segregation also had low residential segregation. HRRs with high segregation had greater numbers of hospitals, AMI patients, and hospital beds per square mile, and higher population density (Exhibit 1). The 118 study HRR markets were distributed unevenly across four census regions. The South had the most HRRs (72) but the lowest proportion with high hospital segregation (6 percent) or high residential segregation (6 percent). The Midwest accounted for only eighteen HRRs but had the highest proportion with high hospital and residential segregation (67 percent and 89 percent, respectively). The Northeast and West accounted for eighteen and ten HRRs, respectively.
Black patients were slightly younger than whites and were more likely (p < 0.001) to be female, to live in ZIP codes with lower median household income, and to have chronic renal disease and subendocardial infarctions, but were less likely to have chronic obstructive pulmonary disease (COPD; results not shown). Other differences were statistically significant but were too small to be of clinical relevance.
Using the mean O/E ratio to represent risk-adjusted mortality, the hospitals to which black patients were admitted had greater mortality (mean O/E = 1.03), compared with hospitals to which white patients were admitted (mean O/E = D a t a W a t c h 0.98; p < 0.001). For white patients, the mean O/E ratios of the admitting hospital decreased with increasing hospital segregation (1.00, 0.98, and 0.95 in markets with low, medium, and high hospital segregation, respectively). For black patients, mean O/E ratios increased slightly as hospital segregation increased (1.02, 1.04, and 1.04, respectively). Overall, black patients were more likely than whites to be admitted to highmortality hospitals (45 percent versus 33 percent; p < 0.001); again, this difference increased with segregation (Exhibit 2). Blacks were 13 percent (that is, 44 percent/39 percent) more likely than whites to be admitted to high-mortality hospitals in HRRs with low hospital segregation but were more than 90 percent (46 percent/24 percent) more likely than whites to be admitted to high-mortality hospitals in HRRs with high hospital segregation. Results were similar based on residential segregation. In hierarchical logistic regression analyses, the adjusted relative risk of admission to high-mortality hospitals was 21 percent higher (p = 0.06) for blacks compared to whites in HRRs with high hospital segregation, and 35 percent higher (p < 0.001) in HRRs with high residential segregation; however, the adjusted relative risk of admission to high-mortality hospitals did not differ in HRRs with low or medium hospital or residential segregation.
Overall, black patients were more likely than white patients to live closest to a high-mortality hospital (48 percent versus 38 percent; p < 0.001). Nevertheless, in NOTES: Relative risks were determined using generalized linear mixed logit models with random effects for Hospital Referral Regions (HRRs) and controlling for year of discharge, ZIP code median income, distance to closest high-mortality hospital, and distance to closest other hospital. Odds ratios from the logit models were converted to relative risk ratios. CI is confidence interval. a Percentages represent the percentage of patients in markets categorized as low, medium, or high who were admitted to highmortality hospitals. Thus, 74,073 is 39 percent of the total white patients in markets with low hospital segregation (total = 188,900, not shown).
analyses restricted to patients whose closest hospital was not high mortality, blacks were still more likely (p < 0.001) than whites to be admitted to a hospital other than the closest hospital (50 percent versus 43 percent) or to a high-mortality hospital (21 percent versus 12 percent) (Exhibit 3). These differences increased with both hospital and residential segregation. Moreover, after year, income, and distances to hospitals were adjusted for, the relative risk of admission to a highmortality hospital remained 1.43 and 1.58 (both p < 0.001) times higher for blacks in HRRs with high hospital segregation and high residential segregation, respectively, but did not differ significantly (p > 0.10) in HRRs with low or medium hospital or residential segregation. Analyses limited to patients residing within two miles of a lower-mortality hospital produced similar results. For example, in HRRs with high hospital segregation, black patients were 1.28 times more likely than white patients to reside within two miles of a hospital with lower mortality (50 percent versus 39 percent) but were nevertheless 1.18 times more likely than whites to be admitted to a hospital more than two miles away (39 percent versus 33 percent and three times more likely to be admitted to a high-mortality hospital (34 percent versus 11 percent; all p < 0.001). After multivariable adjustment, the relative risk of admission to a high-mortality hospital for these patients was still 1.35 (95 percent confidence interval: 1.06, 1.71; p < 0.001) times higher in HRRs with high residential segregation but was not related to hospital segregation.
Discussion And Policy Implications
This is the first study to examine relationships between segregation in individual health care markets and racial differences in admissions to high-mortality hospitals. Our findings are consistent with prior literature of racial disparities in access to high-quality care, particularly for cardiac disease. 11 This study further demonstrates the potential role of segregation in promoting such differences. Previous research has linked residential segregation to racial disparities in health care access and outcomes. 12 However, we know of only one other study that examined segregation of hospital services. 13 The high degree of correlation between hospital and residential segregation we found suggests that hospitals are segregated largely because they reflect the residential areas they serve. Nevertheless, we still found that black patients residing closest to lower-mortality hospitals were admitted more often to high-mortality hospitals and to hospitals other than the closest one-an unexpected finding, given that AMI patients are typically directed to the closest hospital. This suggests that factors other than geographic proximity drive racial differences. Lack of insurance also does not explain our results, because all patients in our data have Medicare Part A (Hospital Insurance). Indeed, other studies suggest that even if geographic and financial barriers were eliminated, large disparities would still persist. 14 n Explanatory factors. We point to several social factors to explain our findings. First, segregation of patients across hospitals may be related to physician referrals. Before the 1960s, health care was often segregated by race, with separate hospitals for black and white patients and separate systems for training clinicians. 15 Although these practices are no longer sanctioned, old patient referral patterns may prevail, effectively limiting access to high-quality hospitals for blacks. For example, black patients are more likely to be treated by black physicians-either by choice or because access to white physicians is limited. 16 Black physicians, in turn, are more likely to practice in hospitals with a tradition of caring for black patients. 17 It has also been shown that hospitals treating large proportions of black patients serve a disproportionate share of uninsured populations and therefore face financial pressures that compromise quality. 18 Although our sample does not include uncompensated care, underlying racial patterns of hospital referral likely affect the Medicare population in much the same way. Blacks are also more likely than whites to use hospital EDs as a usual source of care, which may also limit physician referrals to higher-quality hospitals. 19 Culture and patient preferences may also intensify existing hospital segregation. Blacks living in highly segregated areas may feel unwelcome in majoritywhite hospitals, even if such hospitals are accessible. Indeed, cultural concordance is an important component of health services delivery for blacks and may play an important role in determining choice of hospitals. 20 n Limitations. This study has potential limitations. First, the study includes elderly Medicare fee-for-service patients only. The magnitude and effects of segregation for patients with other insurance or no insurance, or who are younger, may differ. Second, distances between patient residence and hospitals were calculated using straight-line distances between ZIP code centroids and did not consider travel time. However, prior evidence suggests that the use of actual street addresses or travel time would be unlikely to change our results. 21 Third, segregation is complex and may occur in a variety of ways (for example, isolation of one group from another, spatial concentration, centralization, or clustering). The Dissimilarity Index represents the evenness with which two population groups are spread across units. It was chosen for this study because it is easy to interpret, relatively simple to calculate, and widely used in the social sciences. 22 Dimensions of segregation other than evenness were not evaluated. Moreover, segregation may be related to other market characteristics (such as market size) that underlie relationships between race and admission to high-mortality hospitals. Directly adjusting for other characteristics is difficult because of the dependence between other market characteristics and segregation. However, results were similar in analyses of HRRs stratified by number of hospitals (that is, >15 Fourth, correlates of disparities vary significantly across U.S. regions and communities. 23 Our study included only 118 of 306 possible HRRs-with the majority located in the South and having a higher proportion of black patients compared to HRRs that were not included. Disparities also vary by disease, and our investigation of AMI hospitalizations might not generalize to other conditions. Fifth, defining high-mortality hospitals to include one-third of all patients was somewhat arbitrary. In additional analyses, we defined them to include only onefifth of all patients (n = 740 hospitals). Using this definition, we found a stronger effect of segregation on disparities. For example, the risk-adjusted likelihood of admission to a high-mortality hospital, using the revised definition, was 1.39 (p = 0.006) times higher for blacks compared to whites in HRRs with high hospital segregation, and 1.45 (p = 0.002) times higher in HRRs with high residential segregation. w 3 7 6 3 M a r c h 2 0 0 9
Finally, O/E mortality ratios are widely used as a proxy for hospital quality. However, expected mortality for a given hospital may be underestimated if key indicators of patient severity are unmeasured, resulting in an inflated O/E ratio. Thus, it is possible that blacks were either more likely than whites to be admitted to hospitals with low quality, or more likely to be admitted to hospitals with substantial unmeasured patient severity. D e s pi t e t h e s e l i m i tat i o n s , t h i s s t u dy ta k e s an important step toward identifying causes of racial disparities. Sanctioned segregation of hospitals was eliminated during the 1960s, but de facto segregation remains. We believe that future research in racial disparities should more explicitly examine segregation and the extent to which structural aspects of the health care delivery system or deeper sociocultural divisions promote segregation. Moreover, our findings suggest that eliminating racial disparities in health care may require policies that consider entrenched social factors driving racial segregation.
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